The chemical constituents of the root of Ligularia duciformis, collected in Yunnan Province of China, was studied and two new oplopane-type sesquiterpenoids were isolated, whose structures were determined on the basis of spectroscopic evidence. Quite recently, oplopane-type compounds were found in Ligularia narynensis, and this is the second example to isolate oplopane-type sesquiterpenoids from Ligularia plants.
We have been studying the chemical constituents of Ligularia plants (Compositae, Asteraceae), L. cymburifera [1] , L. tongolensis [1] , L. pleurocaulis [2] , and L. virgaurea [3] collected in Yunnan and Sichuan Provinces, China, because in these areas Ligularia species are highly diversified and these plants frequently show significant biological activities. Therefore, a lot of interests have been paid in this area and recently papers have been accumulated including L. duciformis [4] , which prompted us to publish our results. In a continuation of our investigation of diversity both in chemical constituents and genetic sequences, we have started to study L. duciformis and now we found two new oplopane-type sesquiterpenes, which were the second example to isolate oplopane-type sesquiterpenoids from Ligularia species.
The ethanol extract of the root of L. duciformis was purified by silica-gel column chromatography followed by HPLC to isolate compounds 1, 2, and 3.
The 1 H NMR spectra of compounds 1 and 2 were very similar each other, except that there were two acetate signals in 1, while only one was present in 2. The molecular formula of 1 was determined to be C 30 H 44 O 9 by HRCIMS. The IR and 13 C NMR spectra indicated the presence of five kinds of carbonyl groups. There are nine methyl groups, including one producing triplet in the 1 H NMR spectrum, suggesting the presence of -CH 2 CH 3 group. The COSY and HMBC spectra showed the connectivities as illustrated in Figure 1 . These results constituted the oplopane-skeleton for compound 1. The stereochemistry was deduced by the NOESY spectrum, which was shown in Figure 2 . The NOEs between H-6/H-8, H-8/H-9, and H-1/H-5 clearly indicated the trans-fused hydrindane skeleton with the substituents at their positions [5] . The stereochemistry at the C- Compound 2 had molecular formula, C 28 H 42 O 8 determined by HRCIMS. The IR spectrum showed the presence of a hydroxy group at 3460 cm -1 . The 1 H NMR spectrum of 2 was compared with that of 1, showing that the proton at δ 5.19 assigned to H-4'' for 1 shifted to δ 3.69. This shift to the higher field indicated that the acetate group was hydrolyzed to the hydroxy group. The 2D NMR spectra clearly supported this deduction. The acetyl group was retained at the C-4 position, but the C-4'' position was substituted with the hydroxy group.
The stereochemistry was the same as that of compound 1 supported by the NOESY spectrum. The absolute configuration of 1 and 2 was determined by the CD spectrum.
The n-π* absorptions of 1 and 2 appeared at 302 nm (−9900) and 302 nm (−8800), respectively. The back octant for compound 1 was shown in Figure 3 and the absolute configuration must be depicted as shown in the formula. This is in good agreement with the results obtained by Gao et al. [4d] . Thus, these results clearly support that oplopanes isolated from Ligularia species have the same absolute configurations.
Oplopanes have been isolated from Compositae plants, for example, Petasites palmatus [8] , Senecio species [9], Rugelia mudicaulis [10] , Acrisone denticulate [6] , Tussilago fargara [11] , and Robinsonecio gerberifolius [12] . However, only quite recently, from L. narynensis, several oplopanetype sequiterpenoids have been isolated [4d]. To the best of our knowledge, this is the second example to find such type of compounds in Ligularia species. We are currently studying the base sequences of atpB-rbcL regions, as well as ITS genes [1] [2] [3] . This species had 322T, 469C, and A-A9 bases in the atpB-rbcL intergenic base sequence [1] [2] [3] . Since the numbers of this species are limited now, the comparison of the diversity with the other specimen is not appropriate. It must be quite interesting to see the genes of L. narynensis, too [4d].
Experimental
Specific rotations and CD spectra were measured on a JASCO DIP-1000 and a JASCO J-725 auto recording polarimeter; IR spectra, on a JASCO FT/IR-5300 spectrophotometer; 1 H and 13 C NMR spectra, on a Varian Unity 600 (600 MHz and 150 MHz, respectively) and a JEOL ECP 400 (400 MHz and 100 MHz, respectively) spectrometer. Mass spectra, including high-resolution ones, were recorded on a JEOL JMS-700 MStation. Chemcopak Nucleosil 50-5 (4.6×250 mm) with a solvent system of hexane-ethyl acetate was used for HPLC (JASCO pump system). Silica gel 60 (70-230 mesh, Fuji Sylisia) was used for column chromatography. Silica gel 60 F 254 plates (Merck) were used for TLC.
The root of L. duciformis (one of the authors, X. Gong, identified the species), collected in Yunan (3700 m) in 2004 (voucher specimen, No. 0428, was deposited in the Herbarium of Kunming Institute of Botany) was extracted with EtOH to give an extract (1.9 g), which was separated by a silica-gel column Natural Product Communications Vol. 2 (4) 2007 359 chromatography (Hexane:AcOEt, in gradient) followed by HPLC (Nucleosil 50-5, Hexane:AcOEt) to isolate 1 (18.7 mg), 2 (9.9 mg), and 3 (11.8 mg). 
